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I Introduction
According to the World Health Organization, there are currently 1.25 billion smokers in the world; among those, there are each year 4 million deaths from tobacco-related diseases and it is forecast that there will be 10 million such deaths yearly by 2030. Altogether, tobacco causes more deaths than malaria, tuberculosis and major childhood conditions combined. A crucial policy question is whether preventing these deaths would lead to substantial gains in life expectancy. To answer this question, the life expectancy of smokers is often compared to that of non smokers, adjusting for some individual characteristics. This comparison has formed, since the sixties, the basis of government policies designed to curb smoking on the grounds of the detrimental effect of smoking on health. The effect of tobacco on health can only be inferred by comparing the health of smokers to that of non smokers if smoking is a random choice so that individuals do not self select into smoking on the basis of some omitted unobserved factor which affects smoking and also has a direct effect on health and morbidity.
If omitted factors jointly influence smoking and health, the comparison of smokers and non smokers yields biased estimates of the effect of tobacco on health and mortality. Two simple mechanisms can lead to a bias in this relationship. In both cases, the choice to smoke is rational, and made by weighing short run gains against long run risks, and in both cases individuals select into smoking on the basis of a characteristic correlated with mortality.
The first mechanism is based on heterogeneity in life expectancy. For individuals with worse health independently from smoking, and, hence, lower life expectancy, the expected costs of smoking are lower, because they are less likely to live long enough to get smoking-related diseases. Therefore, according to this argument, individuals with worse health would tend to self-select into smoking. The second mechanism is based on heterogeneity in preferences such as risk aversion or myopia. Individuals who are less risk-averse are more likely to chose to smoke and also more likely to do things which lead to worse health. In both cases, there is a correlation between mortality and the health of the individual if they had not smoked, as well as between smoking and the health of the individual if they had not smoked. From now on, we will refer to the counter-factual health of the individual had they not smoked as non-smoking related health, or NSH. Moreover, in both cases, the effect of smoking on mortality, calculated without controlling for NSH, will be overestimated because smokers would have had a higher mortality even if they had not smoked.
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The theoretical contribution of the paper is to develop a simple stylised model of smoking and mortality featuring these mechanisms and leading to a health based selection into smoking.
The empirical contribution of the paper consists in constructing a measure for non smoking health, as well as documenting the correlations between smoking and NSH and between mortality and NSH. The novelty of our approach is to combine data on smoking behaviour on the one hand with detailed information on individual morbidity and mortality, and on the other hand with medical and epidemiological knowledge on morbidity. We use the additional information from the medical and epidemiological sciences to construct a proxy for the (counter-factual) non smoking health of the individual.
2 One important concern is that the NSH proxy might be caused by smoking. We provide evidence that this is not the case by examining the evolution of its value through time. We find that it changes at similar rates for smokers and non smokers, so that we rule out that the value it takes is causally determined by smoking. The NSH proxy reflects both exogenous health conditions (think for instance of young age diabetes) and consequences of risk taking behaviour (think for instance sexually transmitted diseases) so that the correlation between smoking and NSH proxy can be interpreted as reflecting selection into smoking on the basis of both exogenous health differences and health differences resulting from different degrees of risk aversion.
Using smoke-free morbidity to proxy for NSH is similar to using test scores to proxy for ability in wage equations; where duration to death plays the same role as the wage, smoking plays the same role as education and the smoke-free morbidity plays the same role as the test 1 The estimated effects of smoking on the probability of getting a particular disease given that death has not occurred from another cause are not being questioned. 2 We discuss in section III why instrumental variable or natural experiments are not possible in this context.
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score. It is also close in spirit to Farell and Fuchs (1982) who discuss the connection between schooling and smoking and propose that it could be due to "a third variable". Although
Farell and Fuchs are not specific about this variable, it could be the life expectancy or horizon of investment.
We use an extensive data set, where about 29000 Swedish individuals are followed for up to eighteen years, recording their smoking behavior, other risky behaviors, mortality, a range of morbidity indicators and information on individual and family characteristics. The results
show that smokers come from a population with poorer NSH, even when conditioning on a number of observed characteristics. For given gender, age and education, Swedish individuals who are in the bottom 25 percent of the distribution of NSH are up to 6 percent more likely to smoke than those in the top 25 percent. This is comparable in magnitude to the effect of almost four years of schooling. The existence of the former correlation suggests selection into smoking on the part of the individuals in worse NSH. Note that our estimates do not reflect the effect of smoking on mortality conditional on any selection, but only on selection based on health. We also present some empirical evidence to disentangle between life expectancy (or discount rate) and risk aversion (or myopia) as the structural mechanisms which could give rise to selection, but we do not present a full structural analysis of the different restrictions generated by the two hypothesis, as our data does not allow for this. While interesting, this question has to be left for further research on even richer data. Documenting the existence of selection into smoking on the basis of a measure of non smoking health is novel and of interest in itself.
We also show that there is a strong cohort effect: the selection effect is important for younger cohorts, who started smoking when the information on the effect of tobacco on health was widely publicized, but not so much for previous cohorts. This is aligned to results obtained by Fertig (2010) on British data. These results further suggest that the conclusions reached in the past by epidemiological studies are not far off the mark for the generations considered but that future studies comparing smokers and non smokers will spuriously reveal a worsening effect of tobacco on health if they fail to control for selection. Section II presents the theoretical framework. Section III discusses the econometric specification. Section IV presents the data and discusses the construction of the non smoking health proxies. Section V presents evidence of selection into smoking and documents the increase in selection over time. Section VI presents estimates of the effect of tobacco on mortality controlling for selection and documents the heterogeneity in the effect of smoking on mortality. Section VII concludes.
II A model of smoking and mortality
To explore the possible selection bias into smoking, we develop a simple stylised model of smoking decision and mortality. In this stylised model, the choice to smoke can be due to heterogeneity in life expectancy or in risk aversion. Suppose that smoking is a life-time decision, taken at the first period. We denote by u the instantaneous payoff of a non smoker 3 There have been few empirical investigations of selection into smoking, except to study the link between maternal smoking and birth weight. Rosenzweig and Schultz (1983) , Evans and Ringel (1999) consider the effect of maternal smoking on birth weight, allowing for endogeneity and both show that endogeneity is important and should be accounted for. More recently Abrevaya (2006) , Almond, Chay, and Lee (2005) , Lien and Evans (2005) and Fertig (2010) obtain mixed results when examining the same question using a variety of techniques.
and by u + ε the pay off for a smoker, where ε is a random variable reflecting difference in taste across the population. Denote by F (.) the cumulative distribution function of ε. We assume that the payoffs are constant through time. If individuals lived for one period, the decision to smoke would be made by comparing instantaneous pay-offs, so that individuals with ε < 0 would not engage in smoking. 4 However, the situation is complicated by the fact that individuals live for several periods, and moreover, the number of periods they live depends on whether they smoke or not. Individuals with a positive draw of ε may choose to smoke, if the health consequences are not too large. We denote by β the discount factor.
A non-smoker lives T N S periods, where T N S is a random variable, known to the agent. 5 A smoker lives T = min(T N S , T S ) periods, where T S is the age of tobacco related fatal diseases, which we take as constant for simplicity. Hence, we model life expectancy as a competing risk model. When deciding to smoke or not, an individual compares the flow of utility in both cases over different life horizons.
We denote the flow of utility for an individual who opts not to smoke as:
The inter-temporal flow of utility for this same individual as a smoker is:
For individuals characterized by T N S and T S , the probability to smoke is therefore:
4 Note that we abstract from explicitly modeling the addictiveness of tobacco as we are mainly interested in the life-time decision of whether to smoke or not. 5 Hurd and McGarry (1995) , Hurd et al. (2001) and Hurd and McGarry (2002) document the fact that individuals are able to forecast their own life expectancy.
where F () is the cumulative distribution function of the random taste shock ε. For individuals with a short life expectancy as non-smokers (T = T N S ), the probability to smoke simplifies to Prob(Smoke) = 1 − F (0) and is therefore independent of the health effect of tobacco and depends only on the distribution of the taste shock. When individuals live long enough to be affected by tobacco related diseases, smoking prevalence depends on the relative cost of smoking in terms of loss of life-expectancy (which also includes the discount factor), and the joint distribution of the taste shock and T N S in the population.
Straightforward algebra shows that ∂P rob(S|T N S > T S ) ∂T N S ≤ 0. Hence, the model predicts that individuals with longer non-smoking life expectancy are less likely to become smokers.
However, this is not the only reason for a correlation between smoking and life expectancy.
The second mechanism leading to selection into smoking on the basis of health which we outlined in the introduction is based on heterogeneity in risk aversion. It is possible that cov(ε, T N S ) < 0, meaning that preferences for tobacco are correlated with non-smoking life expectancy. This can arise if smokers are more likely to take risks and more likely to die of non-tobacco related causes (such as accidents for instance). Barsky et al. (1997) show that risk aversion is (negatively) correlated with smoking. Similar evidence is provided in Dohmen et al. (2011) . Hersch (1996) shows that smokers are also more prone to be heavy drinkers or to drive without a seat-belt. Farrell and Fuchs (1982) also discuss the existence of a "third variable" -some characteristics of preferences such as the discount factor or risk aversion-which could explain the correlation between schooling and smoking.
In the remainder of the paper, we propose to test whether ∂P rob(S|X) ∂T N S ≤ 0, where X is a vector of observable characteristics. Given the data at hand, it is difficult to fully separate the reason for selection into tobacco. However, we are able to control for some health behavior such as drinking, the consumption of other drugs or risk on the job. If controlling for these characteristics changes the marginal effect of T N S substantially, we would conclude that the main channel goes through a correlation between preferences and life-expectancy.
Empirically, the problem is difficult to address because T N S is not observed for individuals who are still alive, and for those who die from a tobacco-related disease. The novelty of our approach is to construct an empirical counterpart for T N S , based on morbidity indicators not thought to be causally related to tobacco, which are observed for each individual in our sample.
III Econometric specification
In the absence of selection, measuring the effect of smoking on health or on mortality consists in measuring the statistical association between some health outcome, say age at death T , and smoking S, controlling for observed individual characteristics X and allowing for unobserved characteristics ε : T = f (X, S, ε). Under the assumption that ε is uncorrelated with the observed elements of the problem X and S, it is straightforward to obtain a measure of the effect of smoking on mortality. However, the theoretical arguments developed above indicate that it is not possible to rule out the existence of a correlation between the observed characteristics X and the unobserved characteristics ε, where the unobserved characteristics may be non smoking health, NSH, in which case it is necessary to adopt a different approach to measure the association between smoking and the outcome. We discuss in turn instrumenting smoking and using a proxy for the unobserved variable.
Instrumenting smoking
The economic and econometric literatures usually deal with endogeneity by using an instrumental variables approach. 6 In this context, an instrument must be correlated with smoking but uncorrelated with the unobservables driving mortality. Any individual characteristic could arguably figure as an explanatory variable for smoking. Indeed, epidemiologists have argued that education levels, occupation, income, or stress have a direct effect on health and mortality, whilst economists would also argue that they also have an effect on smoking.
Another candidate as an instrument could be prices, to the extent that they influence smok-6 Other approaches include functional form identification as in Lahiri and Song (2000) , Contoyannis and Jones (2004) Walque (2004) suggest that this was the case. All in all, it is difficult to think of a good instrument for smoking patterns over the life cycle.
Proxying for Non Smoking Health
Given the difficulty to find a credible instrument in this context, we propose to follow a different route, namely to use a proxy to control for the unobserved characteristic according to which the individuals select into smoking. Contrarily to an instrument, which should be correlated with the endogenous variable, smoking (S,) and uncorrelated with the unobservables of the problem ε, a proxy should be correlated with ε and can be correlated with the endogenous variable S. 8 Let age at death, T be related to individual characteristics X, including smoking behaviour S, and to the individual's unobserved non smoking health N SH, and to a random shock u. Assume further that individuals select into smoking on the basis of non smoking health, so that cov(S, N SH) = 0. Assume an additive structure to the problem 9 :
ε : unobserved where N SH is not observed, but a proxy for it, N SH proxy is observed, and the relationship between N SH and N SH proxy is given by: N SH proxy = N SHθ + e, with cov(e, N SH) = 0.
Wickens (1972) shows that in terms of asymptotic bias, it is always preferable to condition on a proxy, even if it is poor (in the sense of having low explanatory power for the unobserved characteristic), rather than omitting it from the equation of interest. The assumptions under which this holds are captured in the last equation. The first assumption is that the observed health score, N SH proxy is random, whilst the individual's N SH is fixed. This is a standard, innocuous assumption. The second assumption needed to obtain the result that conditioning by the proxy is always better than not conditioning is that the proxy is the sum of two uncorrelated elements, the fixed unobservable N SH, and a random shock e. This is the key identifying assumption of the approach, and as such it is untestable. This assumption could fail for example because the health shock were correlated with the unobservable N SH of the individual. In this case, conditioning on the proxy might not lead to a decrease in the bias. We illustrate the proof of Wickens's result in the case of smoking, age at death and non smoking health proxy in appendix A. We also show in the appendix that if the proxy were in fact caused by the endogenous variable it is correlated to, this would lead to a bias in the estimated coefficient, whose direction is not clear a priori. However, it is possible here to show that the proxy is not caused by smoking. Indeed, individuals are observed through time, and it is possible to construct repeated measures of the proxy for their NSH at different dates. If the proxy were caused by smoking, then the rate of change of the proxy would be different for non smokers and for smokers. We show in section IV that this is not the case.
IV The Data
We use data from the Swedish Survey of Living Condition, (Undersökningen av LevnadsFörhållanden (ULF)). Approximately 6000 individuals, representative of the whole population, are surveyed each year. The ULF reports information on quantities smoked, smoking history, education, occupation, family composition, income as well as many health measures.
The data set has been merged with the Record of Deaths in 1999, so that we observe whether a given individual is alive up to the end of 1998, and if not, the date and cause of death.
We use the 1980-81, 1988-89 and 1996-97 cross sections, as in these years the survey has a special section on health. In total, the data set includes 28822 individuals and we observe 6593 deaths. Within this large data set, Statistic Sweden has constructed a smaller panel data set which follows individuals for two or three interviews (about 5000 individuals which we use for robustness checks). We first present the morbidity information content of the data, before turning to the construction of the proxy for NSH.
Measuring health
The data set contains an extensive set of health questions, including self-assessed health, body mass index, hospital visits, ability to run, walk or climb stairs. The survey also recorded extensive information on any specific health problems which were coded according to the International Classification of Diseases (ICD 8 and 9) by nurses. Each individual can report up to six different health problems. In addition to all this information, we also have information on the severity of the disease (coded in 4 modalities) and an indication of the onset, so we can distinguish acute from chronic problems. These health problems range from relatively minor problems such as skin problems to life threatening such as specific cancers, ischemic heart problems or diabetes. In total, there are 155 variables to describe the health of an individual.
To summarize the information contained in this large number of variables, we construct a general morbidity index, using principal components analysis. We use indicators of general health, of perceived state of health relative to one's cohort, an indicator of the existence of long term illness, indicators for the range of body mass index in 3 modalities, indicators of whether the individual can run, walk up a flight of stairs, and board a bus. We also use information on the presence of heart conditions, of insomnia, anxiety, of taking antibiotics, of coughing, having a skin condition, having been to the hospital in the past two weeks, of being diabetic, having a neoplasm, hypertension, asthma, ischemic problems, cerebral problems, problems with arteries, veins, pulmonary obstructive diseases, stomach illness, hernia, cirrhoses. We use the result of the principal component analysis to summarise morbidity into an individual index. The morbidity index is found to be increasing with age, indicating worsening of health with age. Its variance is also increasing with age until around 85 years old, after which it decreases. However, there is considerable heterogeneity even at young ages. 11 The index is evidently correlated with smoking as we have included all observed conditions, some of them being directly caused by smoking. 12 We turn next to the construction of several tobacco-free morbidity indices, which will be used to proxy for non smoking health.
NSH proxies
As in the context of wage equations, where one way to control for selection into education is to obtain a proxy for ability, the method employed here consists in constructing a proxy for the NSH status of the individual, the equivalent in this context of innate ability. We rely on medical and epidemiological knowledge to isolate medical conditions of which it is known that they are not caused by tobacco, and the proxy for NSH is constructed using variability in diseases for which this is the case. We use different sets of non tobacco related diseases to construct the NSH proxy N SH proxy which we denote N SH 1 , N SH 2 and N SH 3 below.
The first proxy we use to control for an individual's background health, N SH 1 , is the individual's height. 13 Conditional on starting smoking after growth is finished (around age 16 for girls and 17 for boys 14 ), height is unequivocally not caused by tobacco 15 . We discuss 11 From the panel dimension, health appears to be very persistent through time. Individuals in poorer health in one period are very likely to be in poor health eight years later. In fact, at the individual level, health appears to be a random walk. 12 There are dangers as well as benefits of collapsing health into a single index see for instance the discussion in Currie (2009). 13 Height is adjusted for gender. Furthermore, for this and other variables, to control for the fact that there are substantial cohort effects, we use the individual's rank in the distribution within age groups. 14 See for instance the growth charts at http://www.cdc.gov/growthcharts 15 While maternal smoking leads to low birth weight, the rate of growth of these children in subsequent years compensates the initial handicap, so that, at puberty, there is no impact of maternal smoking, see for instance Ong et al. (2002) . From a purely technical point of view, note that if low birth weight did lead to shorter adult height, height could nonetheless be used as a proxy for non smoking health, provided it is not 13 further this point below. Height is also known to be correlated with mortality (Steckel (1995) ). However, as we will show below, the correlation between height and mortality in the cross section is not very strong, which means that there is not much power in the proxy.
We use the medical and epidemiological information to construct two alternative proxies, which include more health information than height. A list of the morbidity indicators is given in Table 2 . To establish whether a disease should be included or excluded from the proxy, we check the medical and epidemiological literature whether the disease has been linked to smoking. On this basis, we disregard a number of diseases which have been linked to tobacco consumption including a number of cancers (eg cancers of the lung or of the oral cavity), all cardiovascular diseases (including ischemic heart disease and hypertension), respiratory diseases and diseases of the oesophagus (which includes stomach ulcers). We also disregard general health measures such as self-assessed health, body mass index and a number of variables describing the ability to walk or climb stairs, which could be caused by smoking. While it is easy to exclude well researched diseases such as cancers and cardiovascular problems, some diseases are more difficult to classify. It may be that no link is known because the medical profession has not yet established a link between smoking and morbidity or mortality. Furthermore, drawing the line between diseases is also made more difficult given the frequent confusion in the literature between correlation and causation. We adopt a conservative position and include only diseases for which it is established that they are not caused by smoking. The other two proxies we use, N SH 2 and N SH 3 , respectively contain information about 19 and 29 health conditions; they are constructed with the factor analysis discussed above and selecting only the relevant diseases (cf table 2 for the list of conditions included). We rank the individual's N SH within age groups (using 10 years bands) to control for cohort effects and we classify individuals who are in the lowest 25 percent quantile as being in good non smoking health. Similarly, we classify individuals in the upper 25 percent quantile as being in poor non smoking health. Without loss of generality, each of the health proxies has been normalized between 0 (for the individual with best health) and 100 (worst caused by the individual's smoking.
health).
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To check whether the health proxies are correlated with subsequent mortality, we estimate the effect of being in poor versus good N SH on the duration to death using a Cox proportional hazard model. The results are displayed in Table 3 . The hazard ratio for poor health compared to good health is equal to 1.26 for N SH 3 , 1.16 for N SH 2 and 1.09 for N SH 1 . The three hazard ratios are statistically significant at the conventional 5 percent level. This indicates that the probability to die, conditional on having survived up to the date considered, is at all duration higher for individuals whose health is worse as measured by the proxy. All three proxies predict mortality, although not surprisingly, the effect is stronger the more health conditions are included.
Before we consider selection into smoking, we provide evidence that the variation in health captured by the proxies is not caused by smoking behaviour.
Absence of causation from smoking to NSH proxy
To be valid proxies for NSH, the proxies must not be caused by smoking. For NSH 2 and NSH 3 , in order to establish that this is the case, we investigate the extent to which the change in the proxies is related to smoking. If we found that the value of the proxies changes with quantities smoked or duration of the habit, one would be suspicious that some of the morbidity indicators used to construct the proxies might be causally related to smoking.
We therefore check that this is not the case. Cross-sectional regressions of these proxies on smoking status may be biased because of selection, as argued above, so exploiting panel data is important, allowing to eliminate individual fixed effects. Our dataset contains a smaller number of individuals who are followed across waves, eight years apart. This long time span ensures that we have variation in smoking status and allows investigating long run trends in health. We postulate an evolution of the proxy for individual i of age t as:
where a 0i is an individual fixed effect capturing fixed differences across individuals such as gender or education but also unobserved individual traits correlated both with health and smoking. We denote by S it a variable capturing different dimensions of smoking (smoking status, duration of habit, quantities...) and by X it other characteristics that may influence the evolution of the proxy. We focus on the parameter a 1 which captures differential effects for smokers. We estimate (5) in first differences to eliminate the fixed effect. We cannot use N SH 1 as height is a fixed characteristic of the individual and we address the issue of reverse causality for this proxy in a different way which is detailed below. The results are displayed in Table 4 . The first panel shows the effect of quantities smoked on the proxy.
The point estimates are small and never significant. The results are similar when we look at the duration of habit in the second panel. The third panel uses an indicator variable for ever smoking (fixed at individual level) interacted with age. It captures differential trends in the health proxies for individual who are smokers or have smoked. There is no evidence that the N SH proxy of smokers deteriorates faster than that of individuals who have never smoked, even for individuals older than 40. We conclude from these results that the proxies are picking up health problems not caused by smoking.
The strategy for checking the absence of reverse causality with our proxy N SH 1 (adjusted adult height) is different as it is constant over time. We checked the epidemiology literature on links between smoking and growth. The literature produces mixed evidence on this link (see Rona et al. (1985) or Fried et al. (1999) ), and there is an issue of establishing causality based on observational data. Wilkins et al. (1982) show using an experimental set up that nicotine increases circulating levels of growth hormone. To assess the robustness of our results, we also restricted our sample to individuals who started smoking after reaching adult height, taken to be 16 for girls and 17 for boys (see for instance http://www.cdc.gov/growthcharts). Although this sample selection leaves out a number of individuals from the analysis, we got similar results.
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17 Results available upon request. We also show in table 8 that for the older cohort, smokers are actually taller than non smokers. Assuming that smoking inception has remained the same for the different cohorts,
V Determinants of smoking
We first present results relating smoking to individual characteristics. We then turn to the evidence of selection into smoking. We finally show that selection is greater for younger cohorts.
Smoking and individual characteristics
We first examine the relationship between individual characteristics and smoking, where smoking is captured in three dimensions: smoking status, smoking intensity, and duration of the smoking habit. Smoking status is the probability to be a smoker, current or former.
The sample size is 28069 individuals, of which about 13560 current or former smokers.
Among current smokers, we contrast heavy smokers (who consume more than 20 cigarettes per day) and other smokers. Although there are about 13560 current and former smokers, quantities smoked are recorded only for current smokers, of which 1375 are heavy smokers.
The results are displayed in the first column of Tables 5 to 7 . For the probability to smoke, the probability to be a heavy smoker and the duration of the smoking habit, each The effects are qualitatively similar to those obtained in other studies of the determinants of smoking. Table 5 , column (1) displays the results for the determinants of ever smoking.
About half our sample are smokers or former smokers, but this proportion decreases with the number of years of education. Men and older individuals are more likely to have smoked. Individuals in risky occupation, consumers of other tobacco product (snus) and heavy drinkers are also more likely to smoke or have smoked. Finally, income is positively associated with this provides indirect evidence of the validity of using height to proxy for NSH.
smoking or having smoked. A doubling of income increases the prevalence by about four percentage points.
18 Table 6 , column (1) displays the determinants of heavy smoking, defined as smoking a pack a day or more. The prevalence of heavy smoking is about five percent in Sweden.
Heavy smoking is more prevalent among older individuals, males, heavy drinkers and richer individuals. Table 7 , column (1) displays the determinants of the duration of smoking. We estimate a Cox model of the duration until quitting and we report the marginal effect on the hazard of quitting. On average, the hazard is equal to 0.745. More educated individuals are more likely to abandon the habit. We do not find any significant differences between men and women. Individuals in risky occupations or consuming snus are less likely to quit.
To summarize, we find that higher educated individuals are less likely to smoke, whereas individuals who engage in risky behavior are more likely to smoke and less likely to give up smoking. This is in accordance with previous findings in the literature (see Chaloupka and Warner (2000) ). These results form the benchmark for what follows, where we investigate whether smoking is affected by the individuals background health, given all the characteristics we already control for. Table 5 , columns (2) to (4) relate the probability to smoke to individual characteristics including non smoking health, using the three NSH proxies defined above. Poor health is defined as being in the lower quarter of the distribution of NSH (within an age group).
Selection into smoking
Medium health indicates that the individual's NSH lies between the lower and upper quarter of the distribution. Note first that introducing the additional health proxies does not change substantially the effects of the other explanatory variables. Using N SH 1 , the crudest of hte three proxies (column (2)), we cannot find evidence that individuals in poorer health are more likely to smoke or have smoked. Using N SH 2 or N SH 3 , however, it appears that the probability to be a smoker (current or former) is about three percentage point higher among individuals in poorer health (or 6 percent higher, given that 50 percent of the population is or has been a smoker). Compared to the effect of education, the magnitude of being in poor health is equivalent to the difference associated with almost four years of education. Note that the difference is small as compared to that existing between men and women, with men more likely to be ever smokers. Having a risky job, consuming snus and alcohol are also associated with a higher probability to be a smoker.
Similarly, in Table 6 , columns (2) to (4), individuals in poorer health are more likely to be heavy smokers. Here the effect of being in poor health is, ceteris paribus, about two percentage points, but since the prevalence of heavy smoking is only about 5 percent, the effect is, in comparison with ever smoking, much larger, as it corresponds to an almost 50 percent increase, as opposed to a 6 percent percent increase in the case of the probability to be a smoker.
Finally, Table 7 displays the effect of health on the duration of smoking. Individuals in poor health are less likely to quit smoking. The hazard of quitting for individuals in poor health is between 0.12 to 0.20 points lower than for individuals in good health (the average hazard of quitting is 0.75). Here, again, the effect is equivalent to about two years of education.
Interestingly, the epidemiological literature often finds significant beneficial effects of quitting smoking (see for instance Doll and Hill (1956) , Hammond and Horn (1958), Doll and Peto (1976) , Kawachi et al. (1993) , Kawachi et al. (1997) , Hrubec and McLaughlin (1997) ). The results presented here do not dispute the fact that quitting may result in lower rates of lung cancers or any other tobacco related diseases. But they indicate that the overall benefit of quitting smoking is probably somewhat lower than what has been indicated in the literature, given that these studies do not control for the background health of the individuals.
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The results presented above show evidence of selection into smoking based on health. We find consistent evidence across many dimension of smoking. We also find remarkably similar results across the three different N SH proxies we constructed. Not surprisingly, the effects are somewhat stronger and more precise for the health proxies which contain more health outcomes. We will now turn to the evidence of the pattern of selection for different cohorts.
Selection and cohort effects
So far, we presented the evidence of selection for individuals of all ages. The oldest individuals in the sample are born before 1900, so that they reach adulthood at a time when information on the effect of smoking was non existent. If the selection mechanism involves a choice of smoking based on the individual's health and available health information, it would be surprising to find a correlation between tobacco-free health and the use of tobacco for those birth cohorts. For younger groups of smokers, we would expect selection to be present. We will show that it is the case that selection is present for the younger but not for the older cohorts. percent worse than non smokers of the same birth cohort. As we look into older cohorts, the difference in NSH between smokers and non smokers disappears. In fact for the very oldest, smokers are in better health than non-smokers. This last fact can be interpreted in two ways: a healthy survivor effect or an inverse selection. In the first case, smokers who are still alive at an old age may be of better background health than non smokers. In the latter 20 case, it may be that smokers born in the beginning of the twentieth century were drawn from a better health population. In that period, mostly affluent and well-off people (who are also in better health) smoked. 19 This evidence is in agreement with the findings of Fertig (2006) using UK data.
To further document the relationship between selection and cohort effects, in Table 8, we examine the relation between the probability to be a smoker and NSH for different birth cohorts. The table displays the marginal effects of being in poor NSH as opposed to good NSH, controlling for sex, education level, interview year effects and risk taking behaviors (on the job risk, snus consumption, alcohol consumption). The explanatory variables are all interacted with birth cohort. We group individuals by year of birth into three groups, those born before 1950, those born between 1950 and 1969 and those born after 1970. The first group would not have been informed about the link between smoking and health, at least when they started smoking. The second and third group have been exposed to media coverage about the effect of smoking on health, with increasing intensity.
The first panel of Table 8 shows that poor NSH is a significant determinant of ever smoking only for the latest cohort. Depending on the health proxy we use, the probability to be a smoker is between seven and ten percentage points higher for poor NSH individuals.
The second panel displays the results for heavy smoking. In contrast to the previous results, there are no clear differences between birth cohorts.
The third panel reports the results for the duration of the habit. Individuals in poor NSH, born between 1950 and 1970 are less likely to quit smoking, whereas we do not find that effect for those born before 1950. For the later cohort, the results are not precise or stable. This is expected as these individuals are at most 27 years old in the last wave of the survey, and very few smokers would have stopped at such a young age.
Overall, the results provide evidence that there is a significant correlation between smoking and NSH, except for older individuals, even when one controls for other risky behaviors.
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19 This effect is clearly apparent for both P roxy 3 and P roxy 2 and to a lesser extent for P roxy 1 . It is also robust to the adjustment for sex and education. 20 The fact that there is a higher correlation between poor NSH and smoking in young individuals is further
This pattern seems to indicate that the selection based on health started when information on the health effect of cigarettes was released. Those with the best health may have decided that smoking was not worth the risk, so that prevalence among this group decreases through time. 21 The results are not significant for heavy smoking or for duration because both variables capture aspects of current smoking.
These findings have two important consequences for the measurement of the effect of tobacco on health. Firstly, note that studies which investigate the effect of smoking on mortality rely mainly on elderly individuals for identification (as individuals who die are essentially drawn from the eldest cohorts of both smokers and non smokers), and we have seen that this is a population for which there is a minimal selection bias. This means that previous epidemiology studies probably do not miss much by ignoring selection on the basis of non smoking health. The second consequence is that, as time passes, the gain from preventing a smoker from smoking will decrease. With time, epidemiological studies will conclude to a worsening effect of tobacco on health, when what is happening is increased selection. Indeed, from 2010-2020 onwards, the generations born in the nineteen fifties and nineteen sixties will start to face an increased likelihood of death and studies that use data on mortality and smoking alone will spuriously reveal a worsening effect of tobacco, as these studies will increasingly compare smokers with poor non smoking health with non smokers in better non smoking health.
Next section investigates the effect of tobacco on mortality with these caveat in mind.
evidence that the tobacco-free proxies do not contain some illness related to tobacco. If the proxies were contaminated by illnesses caused by tobacco, the estimated effect of the proxy on smoking would be stronger as age increases, since older smokers are more likely to develop tobacco-related diseases as they have been exposed to tobacco for a longer period. 21 Viscusi (1990) , Kenkel (1991) and Antonanzas et al. (2000) show that smokers are aware of the risks associated with smoking, and sometimes over-estimate the risks.
VI The effect of tobacco on mortality
In this section, we present estimates of the number of years of life lost by smoking when health based selection is accounted for.
We have shown in section V that smokers are more likely to be drawn from a population with worse smoke-free health status. We have also shown (in section IV) that smoke-free health status, as measured by the proxies, is correlated with subsequent mortality, which implies that comparing the life expectancy of smokers to that of non smokers will not give an accurate measure of the effect of smoking on mortality. This is true even when conditioning on usual observed characteristics such as sex, education levels and even other risk taking This is what we propose to do using the smoke-free morbidity proxies, which are constructed to capture the health of the individual independently from smoking. It is possible to do this because we have shown that smoke-free morbidity proxies do not appear to be caused by tobacco and therefore constitute valid proxies for smoke-free health status.
We estimate duration models to death, using a Weibull distribution. It allows the mortality rate to be a power function of age and is commonly used in the context of analyzing time to death. We use as covariates, indicator variables for education levels, for non smoking health levels, an indicator variable for smoking (or heavy smoking in some specification) as well as interaction terms between these variables, to capture non proportional effects. We concentrate on males only. The results for women are not robust given the smaller number of women smoking and observed dying.
Using the estimated survivor functions from these models, we compute the median life expectancy of smokers and non smokers, as well as the loss of life expectancy due to tobacco.
The results are displayed in Table 9 , where we display the life expectancy of non smokers, of smokers and of heavy smokers. The last two columns present the loss in life expectancy due to smoking or to heavy smoking (defined as a pack a day or more). The first panel does not control for non-smoking health, whereas the second panel includes our proxy (proxy 3 ) in the regressions. We also display the results by education or health group to illustrate the heterogeneity in the effect of tobacco. The first line of the Table shows that Turning now to the results where we control for health, we see that at all levels of education, the loss in life expectancy is greater for individuals whose NSH is better. The loss ranges from only 2.3 years for the low educated and poor health group, to 5.2 for the most advantaged group. The loss from heavy smoking follow the same pattern, ranging from 5.6 years to about 10 years.
These results give an indication of how selection in younger cohorts will affect the estimation of the effect of smoking on mortality when these cohorts face a higher likelihood of death. Note that we are able to capture differences in the parameters for good and poor health individuals because we are exploiting data from all age groups, so that even though there are few deaths among the younger cohorts, and little selection among the older cohorts, put together, there is enough variation that differences can be made apparent.
These results may offer an explanation for differences in smoking behavior across education groups, and, more tentatively, to the long-run decline in smoking as life expectancy increases. It also means that the selection effect will have some consequences on policies which try to reduce smoking prevalence. The effect of tobacco on mortality estimated on a population born at the beginning of the twentieth century will be misleading to predict the benefit of not smoking for a younger population. The real gain from not smoking will be declining over time due to the increased selection.
VII Conclusion
This paper considers the effect of tobacco on mortality allowing smoking to be endogenous.
If smoking and background health are correlated, most estimates found in the literature are biased. We discuss the identification of the effect of tobacco allowing for endogeneity and we propose a way to get a consistent estimate of this effect under weaker assumptions than are usually made in this literature. Our approach is to use a proxy for the unobservable element which causes the endogeneity bias. We use extensive data on date of death and morbidity, together with a model of duration to death to obtain estimates of the effect of tobacco on health which correct for health based selection. Our main findings are:
• There is evidence of selection into smoking. Everything else being equal, smokers come from a population in poorer health independently from smoking than non smokers.
In other words, individuals with shorter potential life expectancy smoke more than individuals with longer potential life expectancy.
• The effect of smoking on life expectancy differs by types of individuals, with individuals with longer potential expectancy having more to loose in terms of years of life by smoking. The variation in terms of years of life lost is quite important, going from three to over seven years.
• This implies that the gains from reducing smoking are not as large as they would be thought to be without accounting for selection into smoking, given that health influences potential life expectancy. Moreover, because of the increased selection of smokers, the gains will decrease over time.
• There is a strong cohort effect. The selection effect is important for the cohorts who started smoking when the information on the effect of tobacco on health was widely publicized, but not so much for previous cohorts. Previous studies have found that smokers are forward looking and understand the risks linked with smoking (see Viscusi (1990) , Antonanzas et al. (2000) or Khwaja et al. (2007) ).
• The existence of the cohort effect means that the results obtained in the past by epidemiological studies are not far off the mark for the generations considered but that future studies comparing smokers and non smokers will spuriously reveal a worsening effect of tobacco on health if they fail to control for selection.
A number of factors could explain a correlation between smoking choices and mortality, above the sheer medical effect. For instance, both mortality and smoking decision could be influenced by other factors such as stress, neighborhood effects or social norms. It is also possible that smoking and mortality are linked through a trade-off between smoking and longer life expectancy. In this trade-off, individuals with longer potential life expectancy might have incentives to smoke less. Finally, smokers and non smokers may have different discount factors. Whatever the reasons, it is important to try to separate out the true effect of tobacco from the selection effect, which is what we do here. Future work will examine the question of the structural mechanisms which can lead to the observed evidence. Age at death, T is related to individual characteristics X, including smoking behaviour S, and to the individual's unobserved non smoking health N SH, and to a random shock u. Assume further that individuals select into smoking on the basis of health, so that cov(S, N SH) = 0.
Assume an additive structure to the problem 22 :
unobserved where N SH is not observed, but a proxy for it, N SH proxy is observed, and the relationship between N SH and N SH proxy is given by: N SH proxy = N SHθ + e, with cov(e, N SH) = 0.
If we estimate the equation omitting the proxy, we have:
If we estimate the equation conditioning on the proxy, we have:
where R 2 T X is the correlation coefficient of the regression of T on X. If the proxy is in fact caused by smoking, then N SH proxy = N SHθ + Sα + w, and in this case
and the comparison of the asymptotic biases arising when omitting the proxy as opposed to conditioning on the proxy depends on the particular values of the parameters. 
Sample size 28069
Note: Marginal effects from a logistic regression are reported.Robust standard errors in parenthesis.
**, * significant at 5%, 10% level. Heavy smoking is a pack a day or more. Poor health indicates health proxy is in lower quarter of distribution within age group. Medium health indicates that health proxy is between the 25th and 75th quantile within age group. 
